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From 1997-1999 a ~1000 m long ice core was recovered from Siple Dome, West Antarctica (Fig. 1). Coincident with core recovery were numerous glacio- . o . . . .y . . : .. :
: : ons P o (Fig ). : overy : 5 Surface accumulation rate and temperature histories force changes to the model velocity and temperature fields over the last 120 ka. While both histories are preliminary and likely to change somewhat, we take them as absolutes here. The geothermal flux is held constant at 0.072 W m-2. Velocity boundary conditions are specified
logical and geophysical studies that recorded the dome geometry, ice surface velocities, internal stratigraphy from ice penetrating radar, and ice temperature. : : - : . . : : o : : : ) :
: . : . so that the surface-accumulation rate integrated from the divide to a domain boundary is balanced by the flux across that boundary; surface geometry can change over time but the domain volume is held constant. To force thinning or thickening of the dome, we increase or decrease flux at the margins, relative to the balance flux.
More recently, a depth-age profile for the core has been published (Taylor and others, 2005) and new estimates for the accumulation rate history have become . : L C e
: ) Similarly, assymetrical flux changes are used to force migration of the ice divide.
available (M. Spencer and R. Alley, Penn State Univ., personal comm.). .
. : - - Pettit divide
. . . ' . Figure 1: Study Area Folgure 4C (left): Model (red line) fit to observations (black) from L Model dvide & flank
We use these data and a thermomechanical, flowband model to constrain the flow and thickness history at Siple Dome. We Siple Dome. In this reference case, changes are forced solely by 0.8 Model divide & flank (E=1)
assume that the accumulation rate and surface temperature histories are known and vary a number of poorly constrained model 0.16 £ the accumulation and temperature histories in Figure 4a, there is
inputs (the timing of divide-flow onset, the thickness history, flow enhancement, and accumulation rate scouring) in order to 0.14 Figure 4B: Model output includes 2d temperature and veocity fields, a 2d § no change in dome thickness, and a divide is considered to be in
) . : : S :
match model ouput to observations. In doing so, we place constraints on the unknown model inputs. | 042 array of internal layer shapes (below), and domain shape. These output fields 8 place for the entire model run. Top: temperature-depth profile
: : . , . oo , S'op,::e 04 are compared to observations from Siple Dome including the measured depth- g (observed temperature profile is from Engelhardt (2004)). 20d from
The model solyes -the fgll, 2-41men510nal heat and stress-balance equations using the-F1n-1te Yolume Method. A br1§f 1ntrodqct10n M % - temperature profile, the observed depth vs. divide-bump amplitude, the depth- top: divide-bump amplitude profile (observed amplitudes from RES
to the method is given in section 2. In section 3 we validate model output by comparing it with well known analytical solutions ' age profile, and the dome surface shape. of Jacobel and others (2000)). 2nd from bottom: age-depth profile
and the results from previous work. Application of the model to Siple Dome is described in section 4. In sections 5 and 6 we 0.06 (observed profile from Taylor and others (2005)). Bottom: dome o
present favored values for the model inputs along with a sensitivity analysis. Discussion and conclusions are given in Section 7. 0.04 surface profile. In general, the model fit is acceptable for only the 0 0.2 04 08 0.8 1
0.02 ' ' ' ' ' ! dome surface profile. s
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/\ [ Figure 4D (right): As discussed by Pettit (2003), ice in the lower : :
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2' SOIUtlon tO GOVanlng Equatlons' The Flnlte V0|ume MEthOd 5 800 and exhibits a c-axis-oriented fabric (from 200-300m off the bed). ML E=1\~
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The Finite Volume Method (FVM; Patankar, 1980) shares similarities with both finite-difference and finite-element methods (FDMs and FEMs). Like FDMs, = 0 20 I't4c(i) - 60 0.4} E=E(x.2)
. . . . . . . 0 am e(m . [PSNaal] . :
the FVM use a structured grid. Centered differences are used to approximate 15t order derivatives to 2d order accuracy. Like FEMs, FVMs solve the integral - 700 P To simulate "stiff", re-crystall1.zed ice near the bed, we use a sca.lar | alse bed
form of the governing differential equations at each respective "element" (here referred to as "volumes"). Consider the volume (grey area) centered at point P enhancement factor, £<1. To simulate the effects of the the c-axis- 02 i === oA
in Figure 2a, with neighboring volumes to the East, West, Up and Down (£, W, U, D) and interfaces between volumes at points ¢, w, u and d. The advective- 000 £ orlepted layer using a S(;alar enha.ncement factor, a special procedureis T~
diffusive differential equation governing the conservation of some scalar quantity ¢, with diffusivity I', and source term § is 45 . . . . . . 500 § required. We use a modified version of Wang and Warner’s (1998) % 5 10 15
0 20 40 60 80 100 120 N g method for calculating a spatially variable £ based on the shear and 4/ Wanice
Apd) Apd) (. a0 age (ka) 400 g compressive fractions of the total strain rate: where compression domin- e
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o1 T, o ox I o +5,  (i=x2) " < | ates (near the divide) £<1, where horizontal-shear dominates (on the 1000
i i i U 300 . flanks) £>1. In between, E varies smoothly.
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To simplify the example of discretization with FVMs, consider the case of steady state with no advection, T s Az age (104 a) o0
u , Y Figure 4a: Accumulation rate (top) and surface temperature (bottom) histories 200 |- To "tune" our enhancement factor, we choose values for Ecompressive
| . . . . .
(.00 90 J’ 14 }l)‘ E used to force the model over the last 120 ka. Accumulation rates from ~25 ka BP 1000 and Ejeq SO that our vertical-velocity shape functions approximate = 600
= Fa + > F8_z +S5=0. RANLIA PR onward are based on bubble counts and firn modeling (M. Spencer and R. Alley 100 - 8 those of Pettit (2003) (upper panel). The "false bed" effect discussed N
d| (PSU)). Surface temperatures are preliminary estimates based on analysis of stable S 9507 by Pettit (2003) can be seen in horizontal velocity shape functions 4007
Integration over the finite volume centered at P in Figure 2a gives ! | isoptopes from the Siple Dome ice core (courtesty of J. White and A. Schilla (UC)). g_—Té/’ - — : - - . 3 (middle panel), where the majority of the deformation takes place
- Ax _ . Sx, ' ' x ' ' 10 ® 900 above ~200m off the bed. A contour plot of our favored enhancement 200
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If the coordinate direction across interface e (i.e. from volume P to volume E) is orthogonal to the interface e, then the flux across that face is due entirely to 5. Fitting the Observations 6. SQ"SlthIty (In all cases, the nominal misfit from Figure 5a is shown by the red, solid line)
the gradient in ¢ between points P and E. This is an important requirement for FVMs. A similar constraint for flux across the other interfaces gives
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Note that uniform values for the diffusivity and grid spacing are not required. Next, we define coefficients
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A is a banded sparse matrix of coefficients, ¢ is the vector of unknowns and b is the vector of source terms. favored values noted above.
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We validate the model by comparing numerical solutions to well known analytical solutions that use simplified — 0.3 — 0.0 g e 06 206 200 200 °
domain geometries and boundary conditions. For more complicated domain geometries and boundary conditions, 09r | ?-g 09 | T 8-2 08 , , 0.8 0.8 . 0.8 : :
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Figure 3b: Non-dimensional solutions to the momentum equations for boundary conditions consistent with pipe flow divide, relative 1o the same depth on the tank, result in the upwarpe pd ot of o g ) Our fial fl?’ ‘111 gradien o g y_l‘iv , tion through, for example, horizonal averaging destroys not only the fit to the bump-amplitude profile, Geology, 33(4), 281-284.
(left), Newtonian-viscous flow (middle) and power-law (n=3) viscous-flow (right) down an inclined plane. Colormaps isochrons (see Figure 4b) and isotherms observed at ice divides. (due to the effects of increased advective cooling). Our final "best fit” to the temperature profile is still as much ) many of the other observations as well. The fit to the modern surface shape provides one obvious Wang, W. L. and R. C. Warner (1998). Simulation of the influence of ice rheology on velocity profiles and
. : . : : : . : as 0.5 K too cool. We find that glacial temperatures ~2 K warmer than those shown in Fig.4a improve upon this . . . . . : ice-sheet mass balance. Ann. Glaciol., 27, 194-200.
show the normalized, horizontal velocity for a 1x100 domain on a 20x30 grid. Overlain are analytical (solid) and model : : . : : . . constraint on the available choices for enhancement. Figure 6d demonstrates that spatial averaging of
(dots) shape functions. Vertical velocity fields, which should all be ~0, are O~10-8-10-14 relative to u,,,,=1) misfit. Possibly, our preliminary surface temperature history is too cool during the glacial the favored enhancement results in ice that is too soft, and a calculated dome shape that is too shallow.
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